The resulting oxide scales were characterized by scanning electron microscopy (SEM) and cross-sectional transmission electron microscopy (TEM) techniques. Segregation at internal interfaces was analyzed in the STEM mode on a Philips CM200 FEG-TEM, operated at 200 kV and equipped with a Link ultrathin-window EDS detector. The probe size of the electron beam was about 1.5 nm. Spectra were recorded with grain boundaries oriented parallel to the electron beam.
The oxide scale on RenC N5 (-5 pm) consists of columnar a-Al,O, at the bottom (-4 pm) and a mixed layer of spinel (Ni, Co, Ta) (Al,Cr),O, and a-Al,O, (-1 pm) at the top (Fig. la, 2a) . The mixed spinel/alumina layer contains numerous precipitates of Ta,Y,Cr(Hf,Re)-oxides. These are concentrated at the interface between the columnar alumina and the mixed layer. This mixed layer of the scale is prone to spallation. Similar oxide particles can also be found on the scale surface. Spallation of the complete scale exposing the bare alloy occurs only around particles in the alloy, which consist of Ta,Y,Cr(Hf,Re)-oxide in the center, surrounded by spinel (Ni, Co, Ta) (Al,Cr),O, and a-Al,O,. Segregation of Ta and Y at oxide grain boundaries, both in the alumina and in the spinel, was found (Fig. 3a) . Some oxide grain boundaries also exhibited segregation of Hf and Re.
On Ni-7Cr-6.5Al+Y, the scale (-9 pm) consists mainly of columnar Cr-doped a-Al,O, (Fig. lb, 2b ). On top of it is a thin, porous mixed layer of equiaxed spinel (NiAl,O,) and a-Al,O,, as well as some NiO. Over time NiO transforms to NiAl,O, and NiA1,0, eventually to a-Al,O,; both transformations are pseudomorphic. Spallation of the scale occured only in a few areas associated with the formation of Y,O,, Y,Al,O,, (garnet) and a-Al,O, at Y-rich alloy grain boundaries. Y-rich oxide particles can be found on the scale surface. Yttrium was also found to be segregated at oxide grain boundaries (Fig. 3b) and at the scale/metal interface.
Ni-lOCr-lOAl+Y forms an oxide scale (-8 pm) that consists mainly of columnar Cr-doped a-Al,O, (Fig.  IC) . Y-rich oxide particles can be found on the scale surface. The higher level of Y in this alloy results in the formation of Y-rich precipitates at all alloy grain boundaries. Preferential internal oxidation ultimately leads to the formation of Y,O,, Y,A1,0,, (garnet) and a-Al,O, at these grain boundaries. Due to the volume change associated with the formation of these phases, almost complete spallation of the oxide scale is initiated from here.
The results are consistent with previous results on primary alumina-formers. Reactive elements present in the alloy diffuse into the oxide scale and segregate to grain boundaries where they change the diffusion processes resulting in a columnar grain structure of the alumina scale., 
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